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(54) OPTICAL ELEMENT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain an improved optical element 
whose refractive index is electrically adjustable. 
SOLUTION: The optical element 10 comprises a metal hydride layer 
12 kept in contact with a hydrogen supplying layer 13. Those layers 
are held between electrodes 14 and 15. When voltage is applied to 
the electrodes in a certain direction, hydrogen is transferred from the 
hydrogen supplying layer 13 to the metal hydride layer to raise the 
concentration of hydrogen in the metal hydride layer. When voltage is 
applied in the reverse direction, the hydrogen is removed from the 
metal hydride layer 12. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] In the layer which has the refractive index which is the optical element which has an adjustable refractive 
index, is the layer of a transparence dielectric material, and is determined with the concentration of the hydrogen in said 
dielectric material, and the layer of a hydrogen storage medium The ingredient which plays supply of hydrogen or the 
role of absorption is included. Said storage medium The 1st electric field impressed to the layer and said storage 
medium of said transparence dielectric material are answered. The 2nd electric field to which hydrogen is impressed by 
the layer of reception and said transparence dielectric material and the layer of said hydrogen storage medium from the 
layer of said transparence dielectric material are answered. It is an optical element containing the 1st electrode and 2nd 
electrode with which it is the layer which supplies hydrogen to said transparence dielectric material, and the 1st 
electrode and 2nd electrode, and the layer of said transparence dielectric material and the layer of said hydrogen storage 
ingredient exist between said 1st electrode and 2nd electrode. 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the optical equipment which has a controllable refractive index 

electrically, if it describes in a detail further about optical equipment. 

[0002] 

[Description of the Prior Art] The component with which much optical equipments answer a control signal and the 
refractive index is changed is used. For example, the switching element based on a total reflection (TIR) switching 
element is common knowledge in the optical industry. The total reflection (TIR) component is equipped with the 
waveguide which has a switchable boundary. Light irradiates the boundary at a certain include angle. The boundary is 
divided into two fields which have a greatly different refractive index in the 1st condition. In this condition, that light is 
reflected from a boundary and a direction changes with them. In the 2nd condition, two fields separated by the 
boundary have the same refractive index, and light continues being a straight line on the whole boundary. It depends 
for the magnitude of change of a direction on the difference of the refractive index of two fields, in order to change a 
direction a lot - the back field of the boundary — a wave - a refractive index equal to the thing of a conduit, and a 
wave - the thing of a conduit must be switchable between remarkably different refractive indexes. 
[0003] The advanced technology of the total reflection (TIR) component to which a refractive index is changed a lot 
with regards to polarization of a lightwave signal that there is nothing has a comparatively slow switching rate in order 
to operate by changing the ingredient behind the boundary mechanically. The total reflection (TIR) component based 
on liquid crystal has a higher switching rate, and changes a refractive index comparatively a lot. However, since those 
equipments need polarization of a lightwave signal, one half of brightness must be sacrificed for them, or they must 
operate one equipment at a time in the state of each polarization, and two equipments must be used for them. 
[0004] The advanced technology of a total reflection (TIR) component with the high-speed switching time is also 
known. Such a component changes the refractive index of the ingredient behind bordering into the ingredient the 
refractive index of whose is the function of electric field by impressing electric field. U.S. Pat. No. 5,078,478 ~ a wave 
~ the total reflection (TIR) component which the conduit consists of in the strong dielectric material is indicated, the 
wave - a conduit - the refractive index of a strong dielectric material along an inner boundary — a wave - it is 
changed by impressing electric field to some conduits. Although this kind of equipment switches by the nanosecond, 
there is very little change of a refractive index. Therefore, the direction of light can be changed only like abundance. In 
order that the deflection of this magnitude might complicate the design of the equipment based on total reflection (TIR) 
components, such as a cross point (crossover) array, cross connect (cross connection) based on this technique which 
can be continued on commerce was not put in practical use. 

[0005] The equipment which has the refractive index in which electric control is possible in addition to those use in a 
switching element is also usable in order to offer the optical delay line and the other equipments depending on the 
transition time of light. For example, the delay line can be inserted in a laser mold cavity in order to offer a means to 
adjust the output wavelength of laser. The light filter which can be adjusted can also consist of such equipment. 
However, though regrettable, implementation of the application for which the refractive index used the optical element 
of the controllable advanced technology electrically will also be barred by the above-mentioned problem about a total 
reflection (TIR) component. 
[0006] 
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[Problem(s) to be Solved by the Invention] In a wide sense, the purpose of this invention is that the refractive index 
offers electrically the advanced optical element which can be adjusted. 

[0007] The further target of this invention is offering the optical element by which the lightwave signal which has the 
refractive index which can be adjusted in a bigger field than the equipment of the advanced technology, and is 
processed by it does not need to be polarized. 

[0008] furthermore, the purpose of this invention - the refractive index — a wave - it is being able to change in a short 
time rather than the equipment of the advanced technology based on mechanical modification of some conduits, and 
offering the optical element to which a refractive index's is changed a lot rather than what can be gained from 
ingredients, such as a ferroelectric. 

[0009] The above purpose of this invention and the other purposes will become clear to this contractor from the 

following detailed explanation and the accompanying drawing of this invention. 

[0010] 

[Means for Solving the Problem] This invention is offering the optical element which has an adjustable refractive 
index. The layer of the transparence dielectric material which has the refractive index determined with the 
concentration of the hydrogen in a dielectric material is used for this optical element. The layer of the hydrogen storage 
medium containing the ingredient which plays the role of the supply to hydrogen or absorption adjoins a transparence 
dielectric layer, and is arranged. This storage medium answers the 1st electric field impressed to a clear layer and a 
storage reservoir, receives hydrogen from a clear layer, answers the 2nd electric field impressed to a clear layer and a 
storage reservoir, and supplies hydrogen to a clear layer. This electric field are generated by the 1st and 2nd electrodes 
which sandwich a dielectric layer and a storage reservoir. A desirable storage ingredient is KOH. As for a transparence 
dielectric material, it is desirable that the ingredient chosen from alkali, the alkaline earth, the rare earth metal, and the 
group that consists of a hydride of the alloy is included. 
[0011] 

[Embodiment of the Invention] This invention is based on the hydride of alkali, an alkaline earth, a rare earth metal, 
and its alloy. It is exposed to hydrogen gas and those metals form a hydride. Those hydrides are insulating compounds, 
and if the layer is fully thin, they will serve as transparence. In the case of a lanthanum and an yttrium, those metals 
exist in the state of two hydrogenation, MH2 and MH3. An interconversion is possible for the two hydrogenation 
conditions by changing a hydrogen content. Since this 2 hydrogenation condition has a partial packing conductor, it 
plays the role of a mirror. A 3 hydrogenation condition is a transparence insulator. 

[0012] A hydrogenation metal membrane begins from a conduction condition, and considers the case where it is 
changed into an insulator, by increasing the amount of hydrogen combined with the film. If the film absorbs sufficient 
hydrogen, it will be changed into a transparence insulator from a metal. However, this transition is performed by 
hydrogen concentration lower than the saturated concentration of a hydrogenation metal. It was observed by 
experiment that the refractive index of an insulator changes from a metal with hydrogen concentration between the 
transition concentration to an insulator and saturated concentration. Therefore, when hydrogen concentration is 
electrically controllable, the optical element which has a controllable refractive index is obtained. Change of the 
refractive index obtained in this field may become larger [ the refractive index in hydrogen saturation ] than 30% into 
hydrogenation metals, such as a thing based on a GdMg alloy. 

[0013] Drawing 1 is the sectional view of the optical element 10 by this invention. An optical element 10 consists of 
layers 12 of the hydrogenation metal in contact with the hydrogen supply layer 13. Those layers are pinched among 
electrodes 14 and 15. If an electrical potential difference is impressed in the direction with those electrodes, hydrogen 
will move to a hydrogenation metal layer from the hydrogen supply layer 13, and will raise the concentration of the 
hydrogen in a hydrogenation metal by it. Impression of the electrical potential difference of hard flow removes 
hydrogen from the hydrogenation metal layer 12. There are some hydrogenation metals which have required bias 
potential, in order to maintain the hydrogen concentration in a hydride on fixed level. 

[0014] Since a layer 12 is constituted, many hydrogenation metals are usable. For example, the hydride of a lanthanum 
and an yttrium is usable. If hydrogen is added, LaH2 will change to LaH3 and YH2 will change to YH3. Furthermore, 
Mg alloy of such a compound is also usable. In a 2 hydrogenation condition, those compounds are metallic things. A 3 
hydrogenation condition is insulation or semi-conductor nature. 

[0015] Various hydrogen sources of supply are usable. For example, 5M NaOH or a KOH solvent is usable at a liquid 
or gel. Furthermore, hydrogen restoration solid-state sources of supply, such as a conductor with which the hydrogen 
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ion was poured in, or a semi-conductor, are usable in order to move hydrogen between a metal/hydride. For example, 
GaAs into which the hydrogen ion was poured in a depth of lOOnm to the condition that a consistency is higher than 
1015 hydrogen ions / cm2 is usable as both one side of an electrode, and a hydrogen storage reservoir. 
[0016] As shown in 16, in the application in which light carries out incidence to the hydrogenation metal layer 12 
through an electrode, a transparent thing is possible for both both [ one side or ]. A desirable transparent electrode 
ingredient is an indium stannic-acid ghost (ITO). 

[0017] By the optical element 10, as shown in 16, the lightwave signal "processed" passes either of the electrodes, and 
it carries out incidence to an optical element 10. As shown in 17, a signal is a certain include angle to an electrode, or 
incidence is possible for it in parallel. Only the amount as which the light which passes in parallel with an electrode 
was determined with the hydrogen concentration in the hydrogenation metal layer 12 is delayed. Therefore, the optical 
element 10 is usable as a variable delay element for accommodation of a layer. 

[0018] The light in which is a reflexible thing, and an electrode 15 carries out incidence to equipment in a direction 16 
when the hydrogen supply layer 13 is transparent is the adjustable phase shift determined in the amount depending on 
the hydrogen concentration in the hydrogenation metal layer 12, and is re-reflected from an electrode 15. This 
adjustable phase shift is detectable by measuring interference between the reflected light and an incident ray. 
[0019] In case the gestalt of this operation of this invention stores optically the information which can be read, it is 
effective. Logic "1" is stored by adding a pulse to a component by the electric field of one direction, and "0" is stored 
by adding a pulse to a component by the electric field of the direction of another side. The transparency of an electrode 
14 is adjusted so that an electrode 14 may serve as reflexibility partially in the gestalt of this operation. Therefore, the 
light which comes on the contrary from a component serves as the sum of the light reflected from the electrode 15, and 
the light reflected from the electrode 14. In the suitable operation gestalt of this invention, the light sources are the 
coherent light sources, such as laser. The thickness of a layer 12 and a layer 13 is chosen so that it may be in one logic 
state instead of the logic state of another side, and light may change augumentative or in reduction. 
[0020] Various corrections to this invention will become clear to this contractor from the above-mentioned explanation 
and an accompanying drawing. Therefore, this invention shall be limited by only the range of the claim of a 
publication. 

[0021] As mentioned above, although the example of this invention was explained in full detail, the example of each 
embodiment of this invention is shown hereafter. 

[0022] (Embodiment 1) In the layer which has the refractive index which is the optical element (10) which has an 
adjustable refractive index, is the layer of a transparence dielectric material (12), and is determined with the 
concentration of the hydrogen in said dielectric material (12), and the layer of a hydrogen storage medium (13) The 
ingredient which plays supply of hydrogen or the role of absorption is included. Said storage medium The 1st electric 
field impressed to the layer and said storage medium (13) of said transparence dielectric material (12) are answered. 
The 2nd electric field to which hydrogen is impressed by the layer of reception and said transparence dielectric material 
(12) and the layer of said hydrogen storage medium (13) from the layer of said transparence dielectric material (12) are 
answered. They are the layer which supplies hydrogen to said transparence dielectric material (12), and the 1st 
electrode (14) and 2nd electrode (15). The layer of said transparence dielectric material (12) and the layer of said 
hydrogen storage ingredient (13) are an optical element containing the 1st electrode (14) and 2nd electrode (15) which 
exist between said 1st electrode and 2nd electrode (10). 

[0023] (Embodiment 2) Said hydrogen storage medium (13) is the optical element of the embodiment 1 publication 
containing KOH or NaOH (10). 

[0024] (Embodiment 3) Said hydrogen storage medium (13) is the optical element of the embodiment 1 publication 
containing the solid-state with which it filled up with hydrogen (10). 

[0025] (Embodiment 4) Said transparence dielectric material (12) is the optical element of the embodiment 1 
publication containing the ingredient chosen from alkali, the alkaline earth, the rare earth metal, and the group that 
consists of a hydride of the alloy (10). 
[0026] 

[Effect of the Invention] As mentioned above, if this invention is used, the refractive index can offer electrically the 
advanced optical element which can be adjusted. Moreover, in a bigger field than the equipment of the advanced 
technology, it has the refractive index which can be adjusted, and can ** by offering the optical element by which the 
lightwave signal processed by it does not need to be polarized, furthermore, the refractive index - a wave - it can 
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change in a short time rather than the equipment of the advanced technology based on mechanical modification of some 
conduits, and the optical element to which a refractive index is changed a lot can be offered rather than what can be 
gained from ingredients, such as a ferroelectric. 



[Translation done.] 
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* NOTICES* 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** s h ows th e word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the sectional view of the optical element by this invention. 

[Description of Notations] 

10: Optical element 

12: Transparence dielectric material 

13: Hydrogen storage medium 

14 15: Electrode 



[Translation done.] 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original precisely. 
2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DRAWINGS 



[Drawing 1] 
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[Translation done.] 
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